Farming Systems Research In A Watershed Framework: Experience Relative To Vertisol Management In Semi-Arid Tropical India by Srivastava, K L et al.
FARMING SYSTEMS RESEARCH I N  A WATERSHED FRAMEWORK: 
EXPERIENCE RELATIVE m VERTISOL HANACMEHT M 
SEMI-ARID TROPICAL I N D I A  
K .  L. S r i v a s t a v a  
9. M. Virmani 
T. S .  Walker 
The n e e d  f o r  f a r m i n g  s y s t e m s  r e s e a r c h  ( F S R )  i s  u n i v e r s a l l y  
r e c o g n i z e d  i n  modern a g r i c u l t u r e .  It is p a r t i c u l a r l y  impor t an t  f o r  t h e  
d r y l a n d s  i n  s e m i - a r i d  t r o p i c s  (SAT)  w h e r e  f a r m i n g  s y s t e m s  a r e  
d i v e r s i f i e d ,  c r o p  y i e l d s  a r e  low and u n s t a b l e ,  and e c o l o g i c a l  ba l ance  is  
f r a g i l e .  To be u s e f u l ,  such r e s e a r c h  must draw upon e x p e r t i s e  f r o m  a n  
a r r a y  o f  s c i e n c e s .  T h e r e f o r e ,  t h e r e  is c o n s i d e r a b l e  d i s c u s s i o n  on t h e  
k inds  of a c t i v i t i e s  t h a t  FSR shou ld  encompass ,  t h e  s t r a t e g y  i t  s h o u l d  
adopt  f o r  t h e  development and t r a n s f e r  o f  improved t e c h n o l o g i e s ,  and t h e  
way it shou ld  be conducted ( G i l b e r t ,  a t  a l .  1980, ICRISAT. 1983) .  
I n  t h e  semi-ar id  t r o p i c a l  r e g i o n s  improved r a i n  wa te r  management i s  
c r i t i c a l  t o  i n c r e a s e  and s t a b i l i z e  c r o p  p roduc t ion  because  t h e  r a i n f a l l  
d i s t r i b u t i o n  i s  e r r a t i c  a n d  i t s  amount  i s  l e s s  t h a n  t h e  p o t e n t i a l  
e v a p o t r a n s p i r a t i o n  demand. ICRISAT's  work i n  improved  management  o f  
V e r t i s o l s  h a s  shown t h a t  a n  i n t e g r a t e d  p l a n  f o r  l a n d - ,  w a t e r - ,  and 
crop-management  t h r o u g h  t h e  w a t e r s h e d  a p p r o a c h  o f f e r s  s c o p e  f o r ,  a  
s u b s t a n t i a l  improvement  i n  p r o d u c t i v i t y .  A watershed is  t h e  l and  a r e a  
f rom which  w a t e r  d r a i n s  t o  a  s i n g l e  o u t l e t .  D i f f e r e n t  p a r t s  o f  a  
w a t e r s h e d  a r e  t r e a t e d  a s  i n t e r l i n k e d  components o f  a  s i n g l e  hydro log ic  
u n i t ;  i n t e r f a r m  and i n t r a f a r m  development a c t i v i t i e s  a r e  coo rd ina t ed .  
The F a r m i n g  S y s t e m s  R e s e a r c h  and E x t e n s i o n  (FSR/E) methodology 
g e n e r a l l y  assumes t h a t  t h e  p h y s i c a l  r e s o u r c e s  o f  t h e  f a r m  a r e  f i x e d  
( Z a n d s t r a ,  1978 .  Appendix Tab le  1 )  and t h a t  i n c r e a s e s  i n  p r o d u c t i v i t y  
a r e  r e a l i z e d  t h r o u g h  t h e  m a n i p u l a t i o n  o f  c r o p s /  c r o p p i n g  s y s t e m s ,  
f e r t i l i z e r ,  l a b o r  and o t h e r  r e l a t e d  management i n p u t s .  The approach we 
have found u s e f u l  f o r  i n c r e a s i n g  t h e  p r o d u c t i v i t y  o f  t h e  SAT f o c u s e s  on  
a  h y d r o l o g i c  u n i t  ( w a t e r s h e d )  where  b o t h  f a r m i n g  and l a n d l e s s  l a b o r  
households  r e s i d e .  According t o  G i l b e r t  e t  a 1  ( 1 9 8 0 )  t h e  c o n v e n t i o n a l  
model o f  FSR/E has  been based on t h e  i n d i v i d u a l  farming f ami ly ;  t h e  l i n k  
t o  s o c i e t a l  needs  has  no t  been w e l l  e s t a b l i s h e d  e i t h e r  c o n c e p t u a l l y  o r  
operationally. Should FSRlE be conducted w i t h i n  a  framework t h a t  v iews 
t h e  n a t u r a l  r e s o u r c e  e n v i r o n m e n t  a s  f i x e d  o r  v a r i a b l e ?  H o r a  
s p e c i f i c a l l y ,  shou ld  FSR/E be c a r r i e d  o u t  w i t h i n  a  watershed management 
approach? Should w a t e r s h e d  management p r o j e c t s  u s e  some a s p e c t s  o f  
FSR/E? Is i t  d e s i r a b l e  and  f e a s i b l e  t o  wed a  w a t e r s h e d  management 
approach (MA) t o  FSR/E concepts and methodologies? These are crucial  
questions fo r  agro-technology development and t r a n s f e r  i n  t h e  t r o p i c s .  
In  t h i s  paper, we d i souss  severa l  of the i r  dimensions. TO supplement 
t h i s  discussion we review our experience i n  the generation and diffusion 
of ICRISAT1s V e r t i s o l  Technology which in many ways represents a  blend 
of WllA and FSR/B concepts. 
A w a t e r s h e d  management approach broadly aims a t  p r o t e c t i o n ,  
development and management of  land and water  resources  i n  a n  a r e a  
bounded by a drainage d iv ide .  Watershed-based resource u t i l i z a t i o n  
involves the op t imu use of an area's precipi tat ion for  the improvement 
and s t a b i l i z a t i o n  of agricul ture on the watershed through bet ter  water, 
s o i l ,  and crop management (Kanpan, 1979). Thua the  primary t h r u s t  of 
WHA i s  improvement o f  t h e  w a t e r s h e d  a r e a  and i t s  p r o d u c t i v i t y ;  
secondarily individual farmers owning land i n  the watershed a r e  mostly 
benefitted. This p o i n t , i s  a l so  ref lected i n  the c r i t e r i a  fo r  evaluating 
watershed management  plan^. According t o  G i l  (1979) economic evaluation 
of  w a t e r s h e d  p l a n s  s h o u l d  be c a r r i e d  out  i n  s t e p s  f o r  each work 
component separately and then be combined f o r  a l l  components. These 
s teps are:  
4 d e t e r m i n i n g  p r o j e o t  b e n e f i t s  f o r  each component and 
al ternat ive.  
d e t e r m i n i n g  p r o j e o t  c o s t s  f o r  e a c h  component and 
al ternat ive.  
d e t e r m i n i n g  n a t i o n a l  p r o f i t a b i l i t y  c r i t e r i a  f o r  each 
component and a l te rna t ive .  
* eliminating a l te rna t ives  that  are  uneconomic. 
ranking of a l t e r n a t i v e s  according t o  i n t e r n a l  r a t e  of 
return and choice of the optimal economic al ternat ive.  
* attaching intangible and "externaln benefits and c o s t s  t o  
a l l  components. 
4 summing a r e a s ,  a l l  components, social  benefits and costs 
to  obtain a  measured t o t a l  social  p rof i t ab i l i ty .  
Thus i t  is possible to  imagine a  successful watershed management project 
wherein some individual farmers may not bnnefit a s  much a s  o t h e r s  o r  a  
few may even lose. 
FSR/E r e p r e s e n t s  a  fa rmer-d i rec ted  philosophy of  technology 
development and t ransfer .  A strong and meaningful i n t e r a c t i o n  among a 
mul t id i sc ip l inary  team of researchers, farmers and extension workers a t  
the l o c a l  l e v e l  is  e s s e n t i a l .  Thus PSR/E focuses  more d i r e c t l y  on 
problems facing farmers as  i n d i v i d u a l s .  The g o a l s / o b j e c t i v e s  of the  
( i n d i v i d u a l )  farming household tend to take precedence i n  the progress 
of designing improvement measures (Gilbert  e t  e l .  1980).  Adoption of 
FSR/E based technology by farmers  i s  completely voluntary. The main 
premise of FSR/E l i e s  i n  g e n e r a t i n g  t e c h n o l o g i e s  t h a t  c o u l d  be 
*self-sustainingm and wself-repl icat ingw depending primarily on farmers1 
i n i t i a t i v e .  
In summary, both WHA and FSR are approaches f o r  problem solving and 
involve communication and cooperation among s e v e r a l  d i s c i p l i n e s .  But 
WHA s t r e s s e s  more on the  management of phys ica l  resources fo r  the i r  
optimized u t i l i z a t i o n  whereas conventional FSR/E f e a t u r e s  b i o l o g i c a l ,  
agronomic and human aspects of the problem. YHA recognizes a watershed 
(hydrological  u n i t )  a s  a system; PSR/E views t h e  farming household 
(farming u n i t )  a s  a system. WHA i s  t rad i t iona l ly  more concerned with 
hydrological processes with long-term e f f e c t s  and both t a n g i b l e  and 
i n t a n g i b l e  b e n e f i t s ;  t h e  g o a l s ,  a s p i r a t i o n s  and percep t ions  of 
i n d i v i d u a l  farmers  seldom r e c e i v e  adequate c o n s i d e r a t i o n  i n  t h i s  
methodology. In  c o n t r a s t ,  a narrower FSR/E methodology is conditioned 
primarily by farmers' goals and these may not t a k e  f u l l  cognizance of 
long-term, i n t a n g i b l e ,  i n t e r f a r m  and group dimensions of development 
problems. 
A blend of WHA and FSR/E i s  desirable ,  and perhaps even essen t ia l  
i n  ecological s i tua t ions  where natural resource constraints  can be c o s t  
e f f e c t i v e l y  broken by improved land and water management pract i  s and 
where i n t e r a c t i o n s  among such p r a c t i c e s  and o t h e r  farming s \ - t e r n s  
components a re  l ike ly  t o  be s ignif icant .  We can c i t e  three exam;:es of 
such s i tua t ions  i n  Indian agricul ture.  F i r s t ,  i n  mountainous rc yions. 
where s o i l  losses are potent ial ly  high with resu l t ing  downstream l t i n g  
and sedimentation of rese rvo i r s ,  a watershed management approach has 
y ie lded  handsome dividends (Bhumbla e t  a l . ,  1980). Secondly, i n  wet 
rainy season c u l t i v a t e d  f a l l o w ,  V e r t i s o l  r e g i o n s  of  I n d i a ,  improved 
watershed management can add 90 days to  the cropping season, reduce s o i l  
loss ,  and improve ra in  u t i l i z a t i o n  (JNKW,1980; ICRISAT, 1983). Without 
a watershed management approach an FSR/E program would primarily l imi t  
i t s e l f  t o  postrainy season cropping a l te rna t ives .  Thirdly, i n  t h e  hard 
rock areas of peninsular India ,  by judicious watershed management it  may 
be f e a s i b l e  t o  s i g n i f i c a n t l y  enhance ground w a t e r  r e c h a r g e  which 
increases the options fo r  intensif ied cropping (von Oppen e t  a l .  1983). 
An important  fea tur t  of watershed management projects is  interfarm 
improvement components which r e l a t e  to  and a f f e c t  more than one farm. 
Some common examples of interfarm improvements are:  
a .  D i v e r t i n g  r u n o f f  and seepage from upper  r e g i o n s  t o  
p ro t ec t  lower regions.  
b. Ground water recharge and exp lo i t a t i on .  
c .  Runoff cont ro l  and drainage improvements i n  an a rea  
d. Runoff c o l l e c t i o n ,  s to rage ,  and use.  
e .  E ros ion  c o n t r o l  t h rough  i n t e g r a t e d  use  o f  mechan ica l  
w a s u r e s  and land use planning. 
The b e n e f i t s  and c o s t  o f  t h e s e  m e a s u r e s  a r e  g e n e r a l l y  no t  
d i s t r i b u t e d  uniformly t o  a l l  p a r t s  of the watershed. Often c o s t  h a s  t o  
be i n c u r r e d  i n  t h e  upper r e a c h e s  t h a t  r e s u l t  i n  bene f i t s  t o  the lower 
r e a c h e s .  T h i s  l e a d s  t o  a  d i v e r g e n c e  o f  b e n e f i t s  and  c o s t s  among 
i n d i v i d u a l  f a r m e r s  when d i f f e r e n t  p a r t s  o f  a  wa te r shed  a r e  under  
d i f f e r e n t  ownership. 
For  promoting motivation and participation of farmers i n  in ter farm 
p r a c t i c e s ,  mechanisms shou ld  be deve loped  t o  f a c i l i t a t e  e q u i t a b l e  
d i s t r i b u t i o n  o f  b e n e f i t s  among a l l  f a r m e r s  e i t h e r  through voluntary 
sha r ing  by them o r  t h rough  Governmental  a c t i o n .  I n  many wa te r shed  
management p r o j e c t s  i n  d e v e l o p i n g  c o u n t r i e s  t h e  c o s t  o f  i n t e r f a r m  
improvements  i s  borne  by t h e  Government. While i t  s i m p l i f i e s  t h e  
f i n a n c i n g  o f  t h e  p r o j e c t ,  t h i s  p r a c t i c e  i n c r e a s e s  the  dependency of 
farmers on ex t e rna l  i n i t i a t i v e .  
The s i z e  of t h e  watershed may be decided by the  following f a c t o r s :  
a .  Topographic and physiographic f e a t u r e s .  
b. Na tu re  o f  t h e  hydrologic  problem and s i z e  adequacy f o r  
problem solving.  
c. Number of coopera tors  and scope f o r  cooperation.  
d .  C o m p o s i t i o n  a n d  a t t r i b u t e s  o f  d e v e l o p m e n t  
agency/agencies involved i n  watershed management program. 
As f a r  a s  p o s s i b l e  p l a n n i n g  and development  s h o u l d  move f r o m  
s m a l l e r  t o  bigger and from simpler t o  more complex watershed u n i t s .  IF 
gene ra l ,  watersheds of smal ler  s i z e  have advantages of involving a  smal l  
number  o f  f a r m e r s  and l e s s  d i v e r s e  l and  u s e s .  I t  i s ,  t h e r e f o r e ,  
r e l a t i v e l y  e a s i e r  t o  improve t h e i r  management. But a t  the  same time the  
s i z e  must be adequate l o r  so lv ing the  problem a t  hand. 
This point  nay be b e t t e r  e x p l a i n e d  by s few examples .  I f  i t  i s  
d e s i r e d  t o  i m p r o v e  g r o u n d  w a t e r  a v a i l a b i l i t y  i n  a  g i v e n  a r e a  by 
c o n s t r u c t i n g  p e r c o l a t i o n  tanks o r  s i m i l a r  land use modifications, a  
watershed of 5-30 ha s ize  is too small. S i n l l a r l y ,  i f  flooding of c rop  
l a n d s  due t o  r u n o f f  from neighboring h i l l s  and upland a r e a s  is a  
problem, a  small watershed w i l l  i n  general not be effect ive.  
But where a  major d ra inage  network i s  a l ready  a v a i l a b l e  l o r  an 
area, and where the  main aim of development i s  t o  improve t h e  l o c a l  
sur face  drainage and guide the runoff to available ou t le t s ,  a  5 - 30 ha 
watershed i s  qui te  adequate. Fortunately, the topography of p e n i n s u l a r  
I n d i a  permits  demarcation of such watersheds.  ICRISAT4s V e r t i a o l  
technology described brief ly i n  the next s e c t i o n  has been v e r i f i e d  a t  
s e v e r a l  l o c a t i o n s  i n  very smal l  watersheds un i t s ,  a s  such small s i z e s  
a r e  considered adequate to improve in drainage. In con t ras t ,  the 
Indo-UK Dry Farming P r o j e c t  i n  Indore ( Ind ia )  selected a watershed of 
about 2700 ha f o r  pract ices  such as divers ion  of  upland r u n o f f ,  g u l l y  
control,  and integrated land use planning ( J N K V V ,  1980). 
The f o l l o w i n g  s t e p s  a r e  u s u a l l y  involved i n  planning l o r  WMA 
(Jaiswal and Kolte, 1981): 
I Preparation of base maps for  carrying out surveys. 
Reconnaissance survey o f  t h e  w a t e r s h e d  f o r  o v e r a l l  
development. 
9 Assessing r a i n f a l l  charac te r i s t i cs .  
9 Preparation of s o i l  maps and c l a s s i f i c a t i o n  of  l a n d s  f o r  
d i f f e r e n t  uses  according t o  c a p a b i l i t y  f o r  a g r i c u l t u r e ,  
fo res t ry ,  pasture, hort icul ture,  etc. 
P r e p a r a t i o n  of inventory of exis t ing land uses, and f a n  
s izes .  
A p p r a i s a l  o f  a g r i c u l t u r a l  p r o d u o t i o n  p a t t e r n s  and 
potent ials ;  present and potent ial  markets and possible group 
action arrangements. 
I C a r r y i n g  o u t  topographic  and hydrologic surveys f o r  
engineering. 
Ceo-hydrological  survey t o  del ineate  areas su i tab le  fo r  
ground water development. 
a Formulation of an integrated time-bound plan for  land and 
moisture conservatio?, ground water recharge, developwnt of 
p r o d u c t i v e  and p r o t e c t i v e  a f f o r e s t a t i o n ,  a g r i c u l t u r e  
production, grass  lands and hort icul ture.  
Assigning of p r i o r i t i e s  f o r  the implementation of the 
pro ject.  
Assessing social  costs  and benefits.  
-: Vert isols  a re  cracking clay s o i l s  charaoterired by low 
s a t u r a t e d  hydraulic conductivity and imperfect drainage. They a re  very 
hard i n  a  dry s t a t e  and s t icky i n  a  wet condition. On the V e r t i s o l s  of 
Pen insu la r  I n d i a  orop y i e l d s  a r e  q u i t e  low under t rad i t iona l  farming 
systems. In a  large part of V e r t i s o l  a r e a  i n  Ind ia  t h e  land i s  l e f t  
fallow during the rainy season i n  order to ra i se  a postrainy season orop 
based on r e s i d u a l  s o i l  mois tu re ;  t h e  land is o u l t i v a t e d  r e p e a t e d l y  
d u r i n g  t h e  ra iny  season t o  c o n t r o l  weeds. ICRISAT i d e n t i f i e d  the  
replacement of t h i s  practice by mom productive technology a s  an e a r l y  
goal (Binswanger e t  a l .  ,1980). 
i n  tachnaLonr dev-: The stages l i s t e d  below give an 
i d e a  o f  r a n g e  o f  a c t i v i t i e s  i n v o l v e d .  However, t h e s e  a r e  not 
necessar i ly  s e q u e n t i a l  a s  t h e r e  were overlapping and r e p e t i t i o n  of 
several a o t i v i t i e s :  
Analysis of s o i l ,  c l imatic  and crop yield data; 
Researchers' iden t i f i ca t ion  and evaluation of reasons f o r  
low p r o d u c t i v i t y  and resource degradation i n  an ecological 
zone and potent ial  For improvement; 
Review and a n a l y s i s  o f  e x i s t i n g  r e s e a r c h  r e s u l t s ;  
component research on research s ta t ion ;  
C o n c e p t u a l i z a t i o n  of p rospec t ive  technology o p t i o n s ;  
o p e r a t i o n a l - s c a l e  e v a l u a t i o n  o f  p r o m i s i n g  o p t i o n s  i n  
watersheds a t  research s ta t ion  by a  multidisciplinary team; 
understanding of agronomic, economic and hydrologic features  
o f  s e l e c t e d  o p t i o n s ;  coopera t ive  research  a t  s e l e c t e d  
national research s ta t ions .  
' Seminar and t r a i n i n g  s e s s i o n s  t o  have a  dialogue w i t h  
r e s e a r c h  and ex tens ion  w o r k e r s ,  and p o l i c y - m a k e r s  o f  
n a t i o n a l  system, and t o  i d e n t i f y  cooperators  fo r  on-farm 
ver i f i ca t ion  studies. 
On-farm verif icat ion s tudies  to: 
a )  i n v o l v e  f a r m e r s  i n  t e c h n o l o g y  t e s t i n g  a n d  
adaptation. 
b )  i d e n t i f y  t h e  p o t e n t i a l  f o r  p r o d u c t i v i t y  g a i n s  i n  
r e a l  farm s e t t i n g .  
C )  i d e n t i f y  t h e  i n s t i t u t i o n a l  and p o l i c y  c o n s t r a i n t s .  
d )  p rovide  a  feedback  t o  r e s e a r c h  s t a t i o n  f o r  f u r t h e r  
s t u d i e s .  
-: T h r o u g h  t h e  exper imenta l  s t u d i e s  a t  
ICRISAT a  s m a l l  w a t e r s h e d  i n t e g r a t e d  approach f o r  V e r t i s o l  management 
was evolved .  The key components o f  t h i s  approach a r e :  
C u l t i v a t i n g  t h e  l a n d  i m m e d i a t e l y  a f t e r  t h e  p r e v i o u s  
p o s t r a i n y - s e a s o n  c r o p  when t h e  s o i l  i s  n o t  t o o  d r y  f o r  
working. 
Improved  d r a i n a g e  through p r o v i s i o n  of  community d r a i n s ,  
f i e l d  d r a i n s ,  and  u s e  o f  g r a d e d  b r o a d b e d s  a n d  f u r r o w s  
(F ig .  1 ) .  
@ Dry-seeding of  ra iny-season  c r o p s  b e f o r e  t h e  monsoon r a i n s  
a r r i v e ;  
P l a n t i n g  o f  p o s t r a i n y - s e a s o n  c r o p s  i n  t h e  s t u b b l e s  of  
r a i n y  season  c r o p s  a f t e r  a  sha l low c u l t i v a t i o n ;  
@ The u s e  o f  i m p r o v e d  s e e d s  a n d  m o d e r a t e  a m o u n t s  of  
f e r t i l i z e r s ;  
Improved placement of  seed  and f e r t i l i z e r s ;  
@ Timely i n t e r c u l t u r e  and weed c o n t r o l ;  and 
Timely p l a n t  p r o t e c t i o n  
O n - s t a t i o n  o p e r a t i o n a l  r e s e a r c h  e x t e n d i n g  over  5 y e a r s  (1976-77 t o  
1980-81) h a s  shown t h a t  t h i s  i m p r o v e d  w a t e r s h e d  management a p p r o a c h  
i n c l u d i n g  such c r o p p i n g  sys tems  a s  maize i n t e r c r o p p e d  w i t h  pigeonpea can 
i n c r e a s e  p r o f i t s  by a b o u t  600% ccmpared w i t h  a  t r a d i t i o n a l  s y s t e m  b a s e d  
o n  a  r a i n y  s e a s o n  f a l l o w  f o l l o w e d  by p o s t r a i n y  s e a s o n  sorghum o r  
c h i c k p e a .  T h i s  r e p r e s e n t s  a  r a t e  o f  r e t u r n  o n  t h e  added  o p e r a t i n g  
e x p e n d i t u r e s  o f  2 5 0 1  (Ryan  and  S a r i n  1981).  I n  a d d i t i o n  t o  Fmproving 
t h e  p r o d u c t i v i t y ,  t h i s  approach h a s  s u b s t a n t i a l  r e s o u r c e  c o n s e r v a t i o n  
b e n e f i t s  a s  shown i n  Table  1. It i s  e v i d e n t  t h a t  r u n o f f  i s  reduced by 
about  5 M  and s o i l  l o s s  by over  80J .  
veri-: S i t e  s e l e c t i o n  c r i t e r i a  f o r  on-farm 
v e r i f i o a t i o n  t r i a l s  i n c l u d e :  
a )  A n t i c i p a t e d  a p p l i c a b i l i t y  of t e c h n o l o g y  o p t i o n s  and  
untapped p r o d u c t i v i t y  p o t e n t i a l .  Rainfed deep  V e r t i s o l s  i n  
7 5 0 - 1 2 5 0  m m  r a i n f a l l  z o n e ,  l a n d  s l o p e  0.4 - 3 1 ,  pH o f  
s o i 1 < 8 . 5 ,  a v a i l a b i l i t y  of  s m a l l  w a t e r s h e d  w i t h  s a f e  and  
> 
e f f i c i e n t  o u t l e t ,  p r i m a r i l y  upland a n n u a l  c r o p p i n g  and 
e x i s t i n g  low product iv i ty .  
b) Representa t ive  land ownership pa t t e rn .  
C )  I n t e r e s t  shown by farmers.  
d )  I n t e r e s t  of n a t i o n a l  r e s e a r c h  e x t e n s i o n ,  and c r e d i t  
i n s i t i t u t i o n s .  
The o n - f a r m  v e r i f i c a t i o n  s t u d i e s  w i t h  a  r e l a t i v e l y  b e t t e r  
u n d e r s t a n d i n g  o f  t h e  p o t e n t i a l  e c o l o g i c a l  zone  o f  t h i s  t e c h n o l o g y  
s t a r t e d  i n  1981-82  o n  a  1 4 . 5  ha  w a t e r s h e d  i n  a  v i l l a g e  c a l l e d  
Taddanpally (Andhra Pradesh).  In  1982-83 s i m i l a r  s t u d i e s  were t aken  up 
i n  S u l t a n p u r  ( A n d h r a  P r a d e s h ) ,  Begumganj  (Hadhya P r a d e s h ) ,  and 
Farhatabad (Karnataka).  These t r i a l s  a r e  c a r r i e d  out  co l l abo ra t ive ly  by 
ICRISAT, S t a t e  Department of Agr icul ture ,  and o the r  i n s t i t u t i o n s .  Thc 
S t a t e  Depa r tmen t s  o f  A g r i c u l t u r e  i n  Andhra P r a d e s h ,  Karna t aka  and 
H a h a r a s h t r a  on t h e i r  own i n i t i a t i v e  s t a r t e d  t e s t s  i n  1982-83 i n  four 
s i t e s .  I n  1983, the  s t a t e s  expanded t h e i r  t e s t i n g  program t o  s e v e r a l  
s i t e s  i n  28 d i s t r i c t s  of . ~ n d h r a  P r a d e s h ,  K a r n a t a k a ,  Haharashtra and 
Hadhya Pradesh. ICRISAT h a s  f a c i l i t a t e d  t h i s  p r o c e s s  by o r g a n i z i n g  
seminars and t r a i n i n g  programs and by providing t echn ica l  backstopping. 
I n t e r e s t  shown by f a r m e r s  was one of t h e  c r i t e r i a  f o r  choos ing  
wa te r shed  s i t e s  f o r  on-farm v e r i f i c a t i o n .  In  the  f i r s t  yea r ,  community 
d r a i n s ,  f i e l d  d r a i n s ,  l a n d  s h a p i n g ,  and broadbed and f u r r o w s  were  
planned and l a i d  out on the e n t i r e  watershed a rea .  
F e r t i l i z e r s ,  seeds ,  p e s t i c i d e s ,  p e t r o l ,  h i r e d  l a b o r  and b u l l o c k s  
had t o  be pa id  f o r  by t h e  cooperating farmers.  The elements t h a t  were 
provided f r e e  of cos t  t o  them bu t  t h o s e  which no rma l ly  t h e y  would be 
expected t o  pay f o r  i n  f u l l  o r  i n  p a r t  were: 
' Surveying and planning the  watershed l ayou t .  
Const ruct ion  of community drainage channel.  
Use o f  wheeled t o o l  c a r r i e r s  and improved implements which 
aooompany them. 
+ Use o f  parer  sprayers .  
Rodent cont ro l .  
A use fu l  device  t o  e n l i s t  farmers '  cooperation was a  guarantee  from 
ICRISAT t h a t  p a r t i c i p a n t  f a r m e r s  would n o t  e a r n  l e s s  t h a n  t h e y  would 
e x p e c t  from c r o p s  grown under  t r a d i t i o n a l  management. In  add i t i on  to  
monitoring inpu t s /ou tpu t s  on improved watershed p l o t s ,  we a l s o  monitored 
p l o t s  s e l e c t e d  t o  be r ep re sen ta t ive  of t r a d i t i o n a l  cropping p a t t e r n s  and 
management. 
F a r m e r s  w e r e  e n c o u r a g e d  t o  choose  c ropp ing  sys t ems  o f  t h e i r  
preference;  however, agroeconomic and h y d r o l o g i c  a d v a n t a g e s  o f  r a i n y  
s e a s o n  c r o p p i n g  a n d  e a r l y  v e g e t a t i v e  cove r  ( b a s e d  on r e s u l t s  a t  
ICRISAT-Center) were  e x p l a i n e d  t o  them. Most o f  t h e  p a r t i c i p a t i n g  
farmers used the  recommended technology i n  the f i r s t  year.  
The improved t e c h n o l o g y  o p t i o n s  have demons t r a t ed  t h e i r  h i g h  
p r o f i t a b i l i t y  i n  t h e  on-farm v e r i f i c a t i o n  t r i a l s  (Ryan e t  a l .  1982; 
Walker e t  a l .  1983).  The marginal r a t e  of r e tu rn  ranged from 26 t o  381% 
( T a b l e  2 ) .  I n  t h e  t h r e e  l a r g e r  v e r i f i c a t i o n  t r i a l s  i n  the succeeding 
year 16 o f  t h e  o r i g i n a l  3 1  d e c i s i o n  making f a r m e r s  c o n t i n u e d  t h e i r  
p a r t i c i p a t i o n  (Table  3 ) .  S ince  the  subs id i e s  provided a r e  smal l  and the  
f a r m e r s  must c a r r y  o u t  t h e  o p e r a t i o n s  t h e m s e l v e s ,  a 5 0 1  l e v e l  o f  
p a r t i c i p a t i o n  s u g g e s t s  t h a t  t h e r e  is scope f o r  wider d i f f u s i o n  of the 
technology (Walker e t  a l .  1983). 
J a i s w a l  and Kol t e  ( 1981) conducted a case study of implementation 
and e f f e c t i v e n e s s  o f  C.R. H a l l i  Watershed Projec t  located i n  Chitradurga 
d i s t r i c t ,  K a r n a t a k a  ( I n d i a ) .  This 314 ha watershed was developed a s  a 
model t o  s e r v e  a s  a n  example  o f  wa te r shed  deve lopmen t  e f f o r t s  i n  
d rough t -p rone  a reas .  The watershed plan was drawn up by subjec t -mat ter  
s p e c i a l i s t s  and handed over t o  t he  P ro j ec t  Direc tor ,  Drought Prone Area 
Program f o r  implementation. Ja iswal  and Kolte s t a t e  t ha t :  
a )  Almost a l l  t h e  o f f i c i a l s  o f  t h e  p r o j e c t  b lamed t h e  
f a r m e r s  f o r  t h e i r  negat ive  a t t i t u d e  towards the recommended 
p r a c t i c e s  of watershed plan.  In  t h e i r  view i t  was t h e  main 
problem t h a t  l ed  t o  the  f a i l u r e  of the program. 
b )  The f a r n e r s  d i d  n o t  a p p r e c i a t e  s e v e r a l  a s p e c t s  o f  t h e  
p r o j e c t  a s  t hey  were no t  i nvo lved  i n  t h e  planning. Thoy 
were  n o t  c o n v i n c e d  a b o u t  t h e  u t i l i t y  o f  recommended 
p r a c t i c e s  e i t h e r .  
C )  T h e r e  was  l a c k  o f  p r o p e r  c o o r d i n a t i o n  amongst t h e  
d i f f e r e n t  development agencies .  
d )  Farmers d id  not r ece ive  adequate c r e d i t  support pr imar i ly  
due t o  procedura l  d i f f i c u l t i e s .  
These  f i n d i n g s  a r e  t y p i c a l  o f  p l a n n i n g  a t  t h e  t op  w i t h o u t  t h e  
involvement of t he  lower func t iona r i e s  and t h e  f a rmers  ( J o d h a ,  , 1 9 8 3 ) .  
Many o f  t h e s e  weaknesses could have been eliminated o r  a t  l e a s t  Gduced 
through a j ud ic ious  FSR/E o r i e n t a t i o n  of the p ro j ec t .  
In r e c o g n i t i o n  of the  need f o r  n a t u r a l  resource development and 
management, an extensive program has been launched i n  Ind ia  t o  improve 
t h e  p r o d u c t i v i t y  of  r a i n f e d  a r e a s  through integrated planning on the 
basis of microwatersheds. More than 4000 such watersheds have been 
i d e n t i f i e d  throughout India and an integrated program covering crop and 
plant technology, land and water conservation and re-use measures, and 
extension, cooperation and c r e d i t  support, is  being pursued. 
Forty-two model watersheds a r e  being developed with c o l l a b o r a t i o n  
from the Indian Council of Agricultural Research and Indian agricul tural  
un ivers i t i es  which w i l l  serve a s  demonstrat ion cum-training c e n t e r s .  
These watersheds w i l l  be monitored intensively i n  a number of technical 
and socioeconomic dimensions which w i l l  provide i n d i c a t i o n s  f o r  t ak ing  
up fur ther  s teps  to  develop such areas  (Das, 1983) .  
In the  l i g h t  of our e x p e r i e n c e  i n  w a t e r s h e d  based V e r t i s o l  
management technology we f e e l  tha t  effectiveness of t h i s  program could 
be increased by using a bleed of QSR/E and V n A  concepts. 
The distinguishing and posi t ive a t t r i b u t e s  of watershed based FSR/E 
are : 
I t  seeks  t o  s t r i k e  a balance between n a t u r a l  resource 
management and human aspects  of problem so lv ing .  T h u s  i t  
r e c o g n i z e s  the  r o l e  of p h y s i c a l ,  b i o l o g i c a l  and s o c i a l  
s c i e n t i s t s  i n  a l l  phases of research and development. 
I t  e x p l i c i t l y  recognizes  two l e v e l s  ( t i e r )  of system 
integrat ion - one a t  the farmer level  and the  o ther  a t  t h e  
watershed l e v e l ;  p lann ing  and evaluation a re  made a t  both 
levels .  
I t  a l s o  sees complementarity and conf l ic t  between the two 
leve l s  of integrat ion and seeks to  harmonize them wherever 
possible. Pol icies  f o r  agr icu l tu ra l  development should seek 
a convergence of individual and soc ie ta l  needs and goals. 
* I t  recognizes tha t  although i t  may be possible to develop 
t e c h n i c a l l y  opt imal  technology f o r  a n a t u r a l  r e s o u r c e  
s i t u a t i o n ,  i t  is to be uqed by individual farmers and their  
g r o u p s .  They may have  a p r i m a r y  r o l e  i n  p r o p e r l y  
m a i n t a i n i n g  t h e  a s s e t s  c r e a t e d .  Therefore,  technology 
should be f lex ib le  enough to be adapted and modified a t  t h e  
l o o a l  l e v e l .  Thus on-farm verif icat ion and adaptation is a 
key element of watershed based FSR. Farmers i n  cooperat ion 
w i t h  ex tens ion  workers and invest igators  determine what is 
the best technology for  the i r  s i tua t ion  by exploring a  range 
of  technology o p t i o n s  through a process  of  inqui ry  and 
s e l f - d i s c o v e r y  r a t h e r  t h a n  t h r o u g h  f o r c e - f e e d i n g  of  
ready-made s o l u t i o n s .  T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  
i n t r a f a m  components. 
a I t  r e l i e s  p r imar i ly  on farmers '  voluntary part ic ipat ion 
and i n i t i a t i v e .  Thus i t  r e l i e s  l a r g e l y  on the  ' ex tens ion  
approach of technology diffusion. 
It seeks t o  i n s t i t u t i o n a l i z e  e q u i t a b l e  d i s t r i b u t i o n  of 
b e n e f i t s  and c o s t s  i n  a l l  p a r t s  of a  watershed. Ideally 
speaking i t  should seek t o  i n s t i t u t i o n a l i z e  measures  
f a v o r a b l e  t o  resource-poor farmers, landless laborers, and 
other  groups i n  a  ru ra l  society. 
When dec id ing  whether o r  not t o  c a r r y  ou t  FSR/E i n  a  watershed 
managanent framework, s t rengths should be evaluated against weaknesses. 
I n  theory a  watershed management approach i s  r o b u s t ,  but i t  can be 
d i f f i c u l t  t o  carry out i n  practice. 
Research on land and water management pract ices  Is more intensive 
i n  its demand f o r  l a ld  than i n  the more oonventional FSR which f e a t u r e s  
mal l -p lo t  cropping systams t r i a l s .  Land and water management practices 
seldom t ru ly  express themselves unless p l o t  s i z e  i s  reasonably l a r g e ;  
t h i s  means t h a t  fewer t rea tments  and rep l ica t ions  are  possible for  a  
given leve l  of research expenditure. For example, i n  on-farm t e s t i n g ,  
v e r i f i c a t i o n  watersheds may range from 5 t o  30 hec ta res .  Although 
component t es t ing  within the watershed i s  d e s i r a b l e  i t  s t i l l  r e q u i r e s  
s u f f i c i e n t  a r e a  f o r  full  expression of e f fec t s .  Therefore i t  may take 
more tlme rnd be more costly t o  divide a  watershed technology package 
i n t o  i t s  economic components t o  measure s e p a r a t e  contributions from 
components o r  c lus te rs  of components. 
A watershed approaoh is  not se l f - rep l ica t ing  because i t  requires 
government investment on a  project basis much l i k e  t h e  cons t ruc t ion  of 
i r r i g a t i o n  command a r e a s .  I f  t h e  government is constrained i n  
implementing projects ,  farming systems research  cont ingent  on n a t u r a l  
r e s o u r c e  improvement may no t  t l n d  i t s  way t o  farmers '  f i e l d s .  In 
par t i cu l r r ,  s o i l  and water  conserva t ion  s t a f f  a r e  t h e  key ex tens ion  
personnel  i n  a  watershed lpanagement based FSR/E approach. I f  they are  
not t ra ined,  diffusion w i l l  be slow and ineffect ive.  
A watershed-based approach places greater  rel iance on beneficiaries 
being able t o  social ly  organize themselves t o  c o n s t r u c t  and maintain 
community works. The requirements  r o r  group a c t i o n  can be lessened 
through a more f lex ib le  and pragmatic approach t o  technology genera t ion  
and d i f f u s i o n .  In  the  Ver t i so l  technology op t ions ,  f i e l d  boundaries of 
farmers a r e  respected  and farmers a r e  f r e e  t o  choose c ropp ing  sys t ems .  
Moreover,  we have n o t  found supplemental i r r i g a t i o n  p ro f i t ab l e  i n  wet 
V e r t i s o l  r e g i o n s .  T h e r e f o r e ,  we do n o t  recommend c o n s t r u c t i o n  o f  
on-farm ponds whose management can be in t ens ive  i n  i ts  demand f o r  soc i a l  
o rgan iza t ion  (Doherty e t  a l .  1982).  Nevertheless,  e f f e c t i v e  wa te r shed  
development  still r equ i r e s  a  minimum l e v e l  of s o c i a l  organiza t ion .  For 
example, i n  t h e  Ver t i so l  technology opt ions ,  i t  i s  highly d e s i r a b l e ,  i f  
n o t  e s s e n t i a l ,  t h a t  a l l  farmers p a r t i c i p a t e  i n  the f i r s t  year when main 
and f i e l d  d r a i n s  a r e  completed and when the  watershed is developed. But 
we f i n d  t h a t  many f a r m e r s  i n  t h e  wa te r shed  w i l l  have p r e v i o u s l y  
d e f a u l t e d  o n  l o a n s  and  t h e r e f o r e  a r e  p o o r  c r e d i t  r i s k s  w h i c h  
i n s t i t u t i o n a l l y  l i m i t s  the  scope f o r  group ac t ion  (Walker e t  a l .  1983) .  
By concentra t ing  on what i s  optimal a  watershed-based FSR/E may bypass  
more r a p i d  b u t  l e s s  s i g n i f i c a n t  longer- term ga ins  forthcoming from a  
more narrower FSR/E approach. By i n c l u d i n g  l a n d  and w a t e r  management 
e n g i n e e r s  and s o i l  c o n s e r v a t i o n ' ~ t h f f s  w i t h i n  FSR/E t h e r e  may be a  
tendency t o  concentra te  on those environments where payoffs t o  l a n d  and 
w a t e r  management a r e  h igh  b u t  where i n v e s t m e n t  c o s t s  a r e  a l s o  high. 
Po ten t i a l  technologica l  oppor tun i t i e s  may be overlooked i n  regions  where 
n a t u r a l  r e sou rce  c o n s t r a i n t s  do not l i m i t  a g r i c u l t u r a l  product iv i ty  and 
where l e s s  comprehensive measures a r e  needed. 
L a s t l y ,  watershed management investments such a s  on-farm ponds and 
pe rco la t ion  tanks  a r e  themselves s u s c e p t i b l e  t o  n s o c i a l  l e a k a g e s n  i f  
t h e y  a r e  heav i ly  subs id ized by the  government. To comply with t a r g e t s ,  
p ro j ec t  s t a f f  o f t en  s e l e c t  p r o j e c t s  t h a t  can e a s i l y  be admin i s t e r ed  and 
c a r r i e d  o u t .  A d m i n i s t r a t i v e  e a s e  may n o t  be i n  the  soc i a l  i n t e r e s t ,  
p a r t i c u l a r l y  i f  subs id i e s  make it p r o f i t a b l e  f o r  p o l i t i c a l  f a c t i o n s  t o  
lobby f o r  a  scheme f o r  t h e i r  cons t i t uen t s .  
I n  many a r e a s  of t h e  SAT, improved management of land and water 
resources  is c r u c i a l  f o r  f u t u r e  a g r i c u l t u r a l  development .  The farm 
f a m i l y  based  model o f  FSR/E i s  inadequate f o r  development and t r a n s f e r  
o f  i n t e g r a t e d  t e c h n o l o g i e s  t h a t  i n c l u d e  l a n d  and w a t e r  management 
components hav ing  i n t e r f a r m  i m p l i c a t i o n s .  Watershed u n i t s  prcvide a  
l o g i c a l  framework t o r  d i agnos i s  and f o r  a l l e v i a t i o n  o f  l and  and w a t e r  
r e l a t e d  problems. 
FSR/E can more s u b s t a n t i a l l y  con t r ibu te  t o  a g r i c u l t u r a l  development 
i n  t h e  SAT i f  i t  i s  conducted wi th in  o v e r a l l  WA x'ramework. This sug- 
g e s t s  a  need f o r  blending the  WUA and FSR/E concepts and methodologies .  
We emphasize  t h a t  t h e  o p t i m a l  blend of the  UMA and FSR/E depends upon 
a n a l y s i s  o f  the  problem and a v a i l a b i l i t y  of t r a ined  manpmer. 
A t  t h i s  p o i n t  i n  t ime  t h e r e  may be a  r e l a t i v e l y  small  number of 
developing c o u n t r i e s  t h a t  have the  r e q u i s i t e  i n s t i t u t i o n a l  c a p a c i t y  t o  
c a r r y  o u t  FSR/E w i t h i n  a  wa te r shed  management framework. But such a  
c a p l c i t y  should gradually develop over the next decade or so. For t h i s  
reason ,  i t  i s  important t o  c a r e f u l l y  monitor and ana lyze  s p e c i f i c  
e x p o r i e n c e s  l i k e  those i n  India where FSR/E i s  being carried out within 
a  watershed management frmework. 
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Table 1 .  Runoff and soil l o s s  under two di f ferent ly  treated Vertiaol 
watersheds a t  ICRISAT Center. 
Broadbed and furrow Traditional f l a t  with 
Rainfall  layout with improved bunda, rainy season 
Year (mm) -v
(seasonal)  Runoff S o i l  l o s s  Runoff S o i l  l o s s  
(mm) tonnes/ha ( m m )  tonnes/ha 
- 
(Source: Hiranda, e t  a l .  1982). 
Appendix TabLe :. Difference i n  the uay various research a c t i v i t i e s  t r e a t  
f a c t o r s  in f luenc ing  crop production. 
Economic resources  Manage- 
Physical resources (pouer ,cash , l abor )  Crop ment 
- - 
Research To Within Within To Within Within 
a c t i v i t y  farm farm crop farm farm crop 
production production 
Resource 





I n s t i t u t i o n a l  
c o n s t r a i n t s  
Source: Z a n d ~ t r a ,  H . C .  1978 
^ - t r e a t e d  as v a r i a b l e  
= - t r e a t e d  i n v a r i a n t  

Table 3. Farmer pa r t i c ipa t ion  i n  the watershed t e s t s .  
Par 
Watershed t e s t  Year 
s i t e  Number $ of Area atned 5 of t o t a l a  
t o t a l a  by land i n  the 
pa r t i c ipan t s  watershed 
(ha )  
Taddanpally 1982-83 4 36 5.50 38 
Taddanpally 1983-84 4 36 5.50 38 
Sul tanpur 1983-84 4 33 7.08 27 
Begumgunj 1983-84 8 80 16.20 6 8 
Source: Walker e t  a l .  1983) 
a Based on the number of farmers and area  covered i n  the f i r s t  year of 
the development of the watershed. 
a.  Contour bunds b ,  Eroadbed and furrow c .  Broadbed and furrow 
s y s t e m  a t  0.6: w i t h -  s y s t e m  a t  0.6: w i t h  
i n  f i e l d  boundar ie s .  g r a s s e d  waterways 
and a t a n k .  
Figure 1. A vvtisol watershed w i t ?  three alternative soil a?d water 
mnservation a d  manayunent practices. 
